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Introduction
Children exposed to environmental tobacco smoke (passive smoke) have a poorer cardiovascular health profile 1 . Recently, we demonstrated that exposure to parental smoking in childhood was associated with lower endothelial-dependent flow-mediated dilatation 2 and higher carotid intimamedia thickness 3 in adulthood. Although these data indicate a detrimental effect of passive smoking in childhood persisting to adult markers of atherosclerosis, it has not been quantified whether parents who smoke can nevertheless reduce any associated increased risk by exercising good "smoking hygiene" (i.e. not smoking in the vicinity of the child). To gain more insight on the long-term harms of passive smoke exposure in early life, we undertook the first investigation of whether parental smoking and smoking hygiene in childhood is related to the presence of carotid atherosclerotic plaque in adulthood. We report results using data from the Cardiovascular Risk in Young Finns Study and thus exploit its design as a long-standing cohort of over 20-years, the availability of parental self-reports, extensive data available on potential confounding and mediating factors that have been collected since childhood, and our recent measurement of an objective biomarker of exposure, serum cotinine, from frozen serum samples stored since childhood.
Methods

Participants
The Cardiovascular Risk in Young Finns Study, conducted across five University cities with medical schools in Finland (Helsinki, Kuopio, Oulu, Tampere, Turku), is a prospective study beginning in childhood initiated to examine the early-life risk factors of cardiovascular disease 4 .
Baseline measurements in 1980 were collected on 3,596 participants aged 3, 6, 9, 12, 15 or 18 of whether parental smoking and smoking hygiene in childhood is related to the p p pre e ese senc nc n e e e of of of carotid atherosclerotic plaque in adulthood. We report results using data from the Cardiovascular Ri Risk sk k i i in n n Yo Yo Youn un u g g Fi Fi in nn nns Study and thus exploit its de de desi i ign as a long-s sta ta t nd din in ng g g cohort of over 20 (68% of those eligible from baseline). Of these, serum cotinine levels in 1980 was available on a subset of 1,578 participants. Informed consent was provided by participants or their parents.
The study was conducted according to the guidelines of the declaration of Helsinki and received local ethics committee approval.
Measures
Exposure -Parental smoking, serum cotinine, and smoking hygiene
Parental smoking
Parents of participants self-reported their smoking habits in 1980 and 1983. At both time-points, one parent responding on behalf of both parents was asked to indicate the smoking status separately of the mother and father in the household from two questions. The first question asked whether mother/father had ever smoked daily for at least one year (responses could be "Yes" or "No"), and the second question asked whether mother/father were currently smoking (responses could be "does not smoke", "occasionally", "daily"). Mothers or fathers that indicated they had ever smoked daily for at least one year in either 1980 or 1983 were designated as ever smokers.
Mothers or fathers that indicated they currently occasionally or daily smoked in either 1980 or 1983 were designated as current smokers. For both current and ever smoking variables, families were then classified into 'none', 'one or two parents' smoking.
ocal ethics committee approval.
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Anthropometric measures
At both baseline and follow-up, weight was measured in light clothes without shoes using a digital Seca weighing scale to the nearest 0.1kg, and height was measured by a wall-mounted Seca stadiometer to the nearest 0.5cm. BMI was calculated as weight (kg)/(height (m) x height (m)).
Questionnaire measures
At 
Potential mediators
Child and adult blood pressure, fasting lipids, and high-sensitivity C-reactive protein (hs-CRP).
Blood pressure
Brachial artery blood pressure was measured at baseline and the 1983 follow-up using a standard mercury sphygmomanometer in those aged 6-years or older. From those age 3-years in 1980, blood pressure was measured with an ultrasound device (Arteriosonde 1020, Roche). For the adult follow-ups, blood pressure was measured using a random zero sphygmomanometer. All measurements were taken on the right arm, and after the participant had been seated for 5
minutes. Readings to the nearest even number of millimeters of mercury were performed at least available data, those aged 3 to 9 years were presumed to be non-smokers. At bas se e elin in ne an an and d d th th the e 1983 follow-up, an index of physical activity was calculated using inputs of duration, intensity, an nd d d fr fr fre eq eque ue enc nc n y y y of of f s s sel elf-reported physical activity fr fr from m those aged 9 9 9-18 ye ye yea ars -as previously d d de deta a ail i ed in full ll 8 
Outcome -Carotid atherosclerotic lesion
In 
Statistical Analyses
Statistical analyses were performed with STATA v10 (StataCorp, College Station, Texas).
Baseline characteristics are displayed by plaque status in adulthood with continuous variables presented as mean (standard deviation, SD) or if skewed distributions as median (25 th ,75 th percentiles) and categorical variables as proportions.
Assessment of the relation between parental and own self-reports of smoking status with serum cotinine levels
To provide biological validation of the questionnaire data on parental smoking as a proxy for passive smoke exposure, we compared parental responses of current and ever smoking status in 1980 with the offspring's serum cotinine level from 1980. We display basic descriptive statistics for cotinine levels according to self-reports of mother, father, and parental ever and current smoking status as well as the child's own smoking status. Because serum cotinine levels were substantially right-skewed with ~70% of our cohort having a non-detectable or zero cotinine level, we used zero-inflated Poisson regression to examine the association between the selfreport data with offspring serum cotinine. For all analyses of the parental smoking variables, we restricted our sample to those participants whose serum cotinine was <3ng/ml given that values above this level among children are indicative of active smoking 7 . Finally, we report diagnostic statistics of sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) to assess the ability of the self-report data to predict offspring with cotinine levels >0 to . We also report these associations for mother and father, ever and current, smoking separately. We found no evidence of interaction between exposure to parental smoking and sex or age of children in these analyses.
Risk of adult plaque in offspring according to parental smoking hygiene
To estimate the relative risk and 95% confidence intervals of having a carotid atherosclerotic lesion in adulthood as a factor of parental smoking hygiene, we again used Poisson regression with robust standard errors. Effects were estimated for mother, father, and parental smoking hygiene. For these analyses we used the multivariable model equivalent to model 3 for the above analyses that adjusted for what we considered to be the major potential confounding factors was performed by including the three-level parental smoking variable to the model unexpanded but ordered according to increasing exposure. We found no evidence of significant interaction between exposure to parental smoking and sex or age in these analyses. 
Sensitivity analyses
Results
Baseline characteristics of participants are shown in Table 1 . Carotid plaque was present in 65 
Assessment of the relation between parental and own self-reports of smoking status with serum cotinine levels
The association between reports of parental smoking and participant's own smoking status with serum cotinine levels in participant offspring is presented in Supplement Table 1 . As the level of Supplement   Table 2 . The best predictive utility of cotinine levels >0 ng/ml and <3 ng/ml (indicative of passive smoke exposure) was observed for parental current smoking (one parent or more). The specificity, PPV, and NPV for predicting serum cotinine levels 3 ng/ml from self-report of the participant's own smoking status was high, but sensitivity was somewhat lower. Table 2 shows the association between ever and current parental smoking and risk of plaque in adulthood. Exposure to parental smoking in childhood was associated with increased risk of carotid plaque in adulthood, irrespective of adjustment for potential confounding or mediating factors. Supplement Tables 3 and 4 displays the equivalent models for maternal and paternal smoking status separately. In fully adjusted models (model 5, Supplementary Table 3) Table 3 shows the association between parental smoking hygiene and risk of plaque in adulthood. Children whose parents smoked non-hygienically had a significantly increased risk of developing carotid plaque in adulthood compared with those whose parents did not smoke.
Risk of adult plaque in offspring according to parental smoking
Risk of adult plaque in offspring according to parental smoking hygiene
Children with parents that had good smoking hygiene had a 60% to 90% increased risk of developing carotid plaque in adulthood but confidence intervals were wide and included 1.
Though we found no evidence of a statistically significant interaction by age, we note that the effect of unhygienic smoking among those aged 3-9 years was stronger than the effect observed for those aged 12-18 years (relative risk 6.3, 95%CI 0.8-47.7 vs. 3.5, 95%CI 1.3-9.6). The numbers with carotid plaque for these age-stratified analyses were low with 7 and 22 cases for the younger and older age groups. Separating maternal from paternal smoking, children whose mothers or fathers smoked hygienically had a higher risk of a carotid plaque in adulthood compared to those with non-smoking parents, but the increased risk was not statistically significant. However, exposure to non-hygienic maternal smoking in childhood showed a significant increased risk of developing carotid plaque in adulthood. The effect for paternal smoking tended to be weaker than for maternal smoking but remained marginally significant.
Sensitivity analyses
Inclusion of child physical activity for those with physical activity data in childhood (those 9 years and older) did not appreciably modify the results, with the effect estimates for parental smoking changing by no more than 1% for model 5 shown in Table 2 and for the smoking hygiene analyses. With adjustment for other markers of childhood socioeconomic status (family income and highest parental occupation), the coefficients reduced by up to 4% with current parental smoking becoming marginal (P=0.07) in model 5 in Table 2 , but ever smoking and numbers with carotid plaque for these age-stratif r ied analyses were low with 7 and nd d 2 2 22 2 ca ca case se ses s s fo fo for r f f Because approximately one-third of our sample had missing cotinine values, we undertook a sensitivity analysis that imputed serum cotinine for those with missing values using age, sex, parental smoking status, parental education, child smoking status, and child BMI as informing variables. Using the imputed cotinine values in models equivalent to those shown in Table 3 , we found the estimates to be similar but the confidence intervals somewhat narrower.
For example, the relative risks (95%CIs) using the imputed data were 1.6 (0.6-4.0) for hygienic and 3.1 (1.1-8.5) for non-hygienic ever parental smoking, and 1.5 (0.7-3.2) for hygienic and 3.4
(1.5-7.8) for non-hygienic current smoking.
Discussion
Offspring exposed to parental smoking in childhood had approximately twice the risk of having a carotid atherosclerotic plaque in adulthood than did those with non-smoking parents. However, parents who are unable to quit smoking may be able to reduce potential long-term risk for their children by smoking in a hygienic manner (i.e. away from their children). These data also show that only one parent is required to be smoking in a non-hygienic manner for a child to be at significantly increased risk of developing carotid plaque in adulthood. Though both poor maternal and paternal smoking hygiene conveyed an increased risk to offspring, a stronger effect was observed for maternal smoking hygiene. We hypothesize that the stronger effect for maternal smoking hygiene may be due to increased time spent around the child on a daily basis compared with fathers, thereby increasing the offspring's chances of exposure. We also tended to observe that the effect estimates for current parental smoking was less strong than those effect estimates for ever parental smoking. We hypothesize that ever smoking may more accurately capture the long-term exposure of the child during their entire time living with the parent/s. Whereas, current parental smoking provides only a snapshot of a single point in time that may be more informative of recent exposure to parental smoking.
The link between exposure to tobacco smoke and atherosclerosis is well established 18 . It has been shown that the cardiovascular effects of passive smoking are nearly as substantial and rapid as those from chronic active smoking 19, 20 . Cigarette increased platelet activation, inflammation, arterial stiffness and endothelial dysfunction 21 . Our adjustment for several potential mediating factors including child and adult BMI, systolic blood pressure, HDL-C, LDL-C, triglycerides and hs-CRP did not substantially modify the effects observed for our parental smoking variables suggesting that parental smoking might act on later risk of carotid plaque through other mechanisms.
Various channels exist to limit children's exposure to environmental tobacco smoke including restrictions to smoking in public places, in vehicles, and at home. Though benefit of smoking restrictions in public and work places has been shown to reduce serum cotinine levels and hospitalization for cardiovascular and respiratory disease among adults 22, 23 , there is some evidence that stricter public smoking regulations have increased passive smoke exposure to nonsmokers, especially children, by displacing smokers to private places such as the home 24, 25 and despite the prevalence of tobacco smoking tending toward a decline in developed countries, exposure, particularly in the home, remains high 26 . The introduction of home smoking bans may well have a substantial impact on children's exposure but has inherent difficulties in its regulation, should it be implemented 27 . What is probably as important is communicating to the parent that their smoking has effects on their child's health both immediately and into the future.
For example, many anti-tobacco mass-media campaigns and graphic pack warnings concentrate on the individual or are limited to the foetal and neonatal effects in offspring; but our data provide some basis that these campaigns should be expanded to recognize the long-term cardiovascular effects of passive smoke exposure on children and adolescents.
The major strengths of this study include the availability of measurements beginning in events to be analyzed. However, the relationship between carotid atherosclerosis and ischaemic stroke is well established and management via endarterectomy has been shows to reduce the risk of stroke in both symptomatic 31 and asymptomatic 32 individuals. 31, 32 Differential loss to follow-up is a potential limitation in longitudinal studies, however we have previously found participants in the adult follow-ups to align well with those that did not participate in terms of major risk factors except that participants tend to be older and more often female 4 . Other limitations include imaging that was only performed on the left carotid; no data on plaque size; and due to the relatively young age of participants, our analyses included a low number of cases with carotid plaque that meant our confidence limits for several comparisons were somewhat wide.
In conclusion, the risk of carotid plaque in adulthood was highest for the offspring of 6 .3 (6.3,9.5) 6.3 (3.0,9.5) Vegetable consumption (frequency/week) 6.3 (3.0,9.5) 6.3 (3.0,6.3) Physical activity index (n = 2,008) ‡ 9 (8,10) 9 (8,10) Own smoking ‡ 46.9 99.9 98.9 86.9
Abbreviations: NPV, negative predictive value; PPV, positive predictive value.
*For parental smoking, we excluded those participants that self-reported smoking at baseline and those with a serum cotinine level ≥3 ng/dl which is the level proposed to separate passive smokers from active smokers in children. †Current parental smoking refers to parents that indicated they currently smoke daily and not those that indicated they currently occasionally smoke. ‡Smoking data collected on those aged 12-18 years only. For these analyses, we used a cotinine level of ≥3 ng/dl which is the level proposed to separate passive smokers from active smokers in children.
